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Abstract Objectives: The objectives of this study were 
(i) To establish whether it is possible to assess by means 
of a check-list in a reliable way errors which violated 
biomechanical and ergonomical principles during nurs­
ing tasks, and (ii) to study the effectiveness of an ergo­
nomic-educational course by using this check-list. 
Materials and methods: Trainees (n =  12) and a control 
group of nurses {n = 12) who did not attend the course, 
performed three nursing activities at three points in 
time under standardized conditions; once before and 
twice after the course had ended. Their performances 
were recorded on video. A check-list was developed to 
assess the number of ergonomic errors made during the 
test performances. Two observers completed the check­
lists after having watched five videotapes, and one of 
them did this for a second time 3 weeks later, in order 
to assess inter- and intra-observer reliability. In addi­
tion the tapes of all nurses were scored and analysed on 
differences in the performance of the two groups at the 
three points in time. Percentage of agreement and 
kappa ( k )  was used to express inter- and intra-observer 
reliability. Student’s f-test was used to analyse the dif­
ferences in mean percentages of errors. Results: The 
inter- and intra-observer reliability were 92% with k  of
0.84, and 93% with k  of 0.86, respectively. Further 
results showed that the mean percentages of errors 
made by the control group remained the same at the 
three measurement times. However, in the trainee 
group a significant decrease in errors was found. The 
trainees made fewer errors at all three points in time 
than the controls did. Conclusion: It appears feasible to 
create a check-list to assess ergonomic errors in a re­
liable way. Trainees make fewer errors after an ergo­
nomic-educational course. It is necessary, however, to
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evaluate whether trained nurses work more safely in 
their daily duties than during the study.
Key words Check-list ■ Nursing profession • 
Ergonomic failures • Health education
Introduction
Nursing work necessitates various tasks and postures 
which are mentioned as risk factors for musculoskeletal 
complaints, e.g. lifting of patients, frequent bending and 
twisting, carrying, pushing of beds, and other burdens 
(Buckle 1987; Harber et al. 1994; Garg and Owen 1994). 
It is not surprising that the prevalence of complaints 
and injuries of the musculoskeletal system is high 
among nursing personnel (Kaplan and Deyo 1988; 
Pheasant and Stubbs 1992; Niedhammer et al. 1994). 
Several authors have already described attempts to 
evaluate programmes on the prevention of low-back 
pain and other musculoskeletal symptoms in this profes­
sion (Stubbs et al. 1983; Garg and Owen 1994; Yassi et 
al. 1995). Numerous outcome variables have been used 
to assess possible programme effects, for instance the 
reduction of sickness absenteeism, of musculoskeletal 
complaints, of biomechanical compressive forces on the 
L5/S1 disc or of perceived physical exertion (Garg and 
Owen 1992; Stubbs et al. 1983; Dehlin and Berg 1977).
Obviously, it may also be of interest to evaluate 
whether trainees make fewer errors which violate basic 
biomechanical and ergonomical principles after 
a course in safe working techniques than do nursing 
colleagues who have been denied this course. A check­
list can be one method of assessing the number of 
mistakes made. Check-lists can be used to get a quick 
impression of the different aspects of the duties of 
employees (Alavosius and Sulzer-Azaroff 1985). How­
ever, to the best of our knowledge this method has not 
yet been applied to programme evaluation. In order to 
investigate the effectiveness of an ergonomic-educational
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course for nurses working in Dutch nursing-homes 
(Engels et a l 1996) a check-list was developed to deter­
mine the number of biomechanical and ergonomic er­
rors made.
In this paper the development of the check-list is 
described, together with an analysis of biomechanical 
and ergonomic errors made by nurses during the per­
formance of standardized nursing tasks. We were parti­
cularly interested to learn whether (i) it would be 
possible to determine errors in these nursing tasks in 
a reliable way by means of the check-list and (ii) 
whether it was possible to detect differences in the 
performance of the tasks carried out before and after 
the ergonomic-educational course, To control for con­
founding effects, a group of nurses who did not attend 
the ergonomic-educational course was also observed in 
the same manner.
Materials and methods
The study population and the observed task performance
Twelve Licensed Practical Nurses (LPNs) (10 females and 2 males) 
from one nursing-home were asked to perform three standardized 
nursing tasks, at three points in time: the first shortly (1-2 weeks) 
before the start of the course, then 3 months after the course, and 
finally 15 months after the course had ended. Twelve female LPNs 
from the same nursing-home who did not participate in the course 
performed the same tasks at the same times. These nurses were 
regarded as a control group.
The following tasks were performed by all participating nurses:
1. Wash (a) the back of a patient and (b) the leg which lies farthest 
away, while the patient is lying in bed.
2. (a) Transfer the patient from bed to wheel-chair and (b) vice versa.
3. (a) Help the patient from a curled-up position to lie fully stretched 
on the bed and (b) raise the patient from a lying position to sit up 
comfortably.
The role of patient was played by a male volunteer. A female 
registered nurse played “colleague” to the trainee. The tasks were 
carried out in the same room at all three times. To guarantee 
a standardized procedure, written protocols were made for the 
content of the tasks, the role of the patient and the role of the 
colleague. By means of these protocols and further verbal explana­
tion given, the nurses were informed about the content of the tasks, 
which were common daily activities for them, just before the perfor­
mance. The patient was instructed, to act as if he had no leg function 
whatsoever, but was still able to use his arms. His weight was 
standardized at 73 kg for the occasion with the help of a smock 
weighted with small sand bags. Both patient and colleague were 
instructed to help the observed nurse only if they were explicitly 
asked. The observed nurses were asked to perform the tasks as they 
would usually in their daily work. The same instructions were given 
at all three times of testing. The layout of the room and the equip­
ment which the nurses used (e.g. a lifting device, a rotation disk, 
a high-low bed, a washing basin, towels and a pedestal cupboard) 
were kept identical for each of the measurements.
Video-recording procedure
The tasks performed by the nurses were recorded on videotapes. The 
video-recording procedure was standardized in a written protocol.
For every recording the same recorder was used (Camcorder M40E 
Panasonic, Japan). To have as good a view as possible of all of the 
subject, the camera-to-subject distance was 4.5 m. The camera was 
placed in a fixed spot at an angle of 30° in the longitudinal direction 
of the bed. All nurses wore black tights and a black leotard. WhiteW
markers 2 cm across were placed on both their acromions, lateral 
epicondyli of the elbow, lateral malleoli, and the lateral epicondyli of 
the femur. Four white markers were placed on their spines (one in 
the neekarea, two thoracic and one lumbar) and three on the 
abdomen (one on the sternum, one on the umbilicus and one in- 
between), while the subject was placed in an anatomically straight- 
up position. In this way it was possible to follow the movements of 
the nurses during the evaluation of the videotapes as accurately as 
possible.
Check-list development
The ideal way of performing the three tasks was defined with help 
from experts, making use of literature (Troup et al. 1983; Grandjean 
1988; Garg and Owen 1992; Pheasant and Stubbs 1992; Toussaint et 
al. 1992; Winkelmolen et al. 1994; Heyblom et al. 1995). An error is 
described in the check-list as a divergence from the “ideal situation”. 
Only elementary biomechanical principles were used to describe the 
ideal situation. For example, in task 3 (repositioning a patient in 
bed), pushing the patient upwards with the help of another nurse or 
of the patient himself, preferably with a sliding mat, was regarded as 
the ideal approach. If the task was performed single-handed by 
vertical lifting of the patient this counted as an error.
The main errors were classified under five judgement headings per 
task, namely: (1) making use of lifting or other aids including the 
high-low bed, (2) practising biomechanical principles in the methods 
of working, (3) making use of the patient’s remaining functions, 
(4) making use of the help of the colleague and (5) planning every­
thing in advance in order to fulfil the tasks efficiently.
Examples of errors in each of these categories are given for the 
task “wash the back of the patient and wash the leg which lies 
farthest away, while he is lying in bed” in Table 1. The answers were 
given in a dichotomized way (yes/no) although sometimes “not 
applicable” could be answered. The questions had to be phrased in 
the clearest possible manner with no ambiguities, good readability, 
no double negatives in a sentence, avoidance of jargon and short and 
objective formulation (Streiner and Norman 1989). Per task it was 
tried to formulate roughly the same number of questions. Per cat­
egory the number of questions varied from 23 (method of working) 
to 8 (making use of the help of the colleague) (Table 2).
The number of questions corresponded with the importance of 
each category. In total 65 questions were formulated. Together with 
the check-list a manual for the observer was prepared in which all 
questions were briefly explained.
Table 1 Example of one question in the check-list used per category 
for task 1: “Wash the back of the patient and wash the leg which lies 
farthest away, while the patient is lying in bed”
la Is the high-low bed being used?
2 Is there a vertical movement?
3 Does the observed nurse utilize the patient’s remaining functions?
4 Not applicable because no help from a colleague is required
5 Are all the necessary requirements for this task within reach?
1 The categories of potential errors are:
(a) making use of lifting-aid or other aids including the high-low bed
(b) practising biomechanical principles in the methods of working
(c) making use of the patient's remaining functions
(d) making use of the help of the colleague
(e) planning everything in advance in order to fulfil the tasks 
efficiently
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Table 2 Number of questions per task and category in the check-list 
(N A  not applicable)
Task4 Category1 
a b c d e Total
la 1 5 2 NA 4 12
lb 1 4 — — 4 9
2 a 4 4 i 2 2 14
2b 4 J 1 2 i 11
3 a 1 6 i 2 — 11
3b 1 3 2 2 — 8
Total 12 23 10 8 12 65
1 The tasks were:
(la) wash the back of the patient and (b) wash the leg which lies 
farthest away, while he is lying in bed.
(2a) Transfer the patient from bed to wheel-chair and (b) vice versa 
(3a) Help the patient from a curled-up position to lie fully stretched 
on the bed and (3b) raise him from a lying position to sit up 
comfortably.
b For description of catagories see Table 1
Observation procedure
The video-recordings of the 12 trainees and of the 12 controls were 
edited and observed in a random sequence. Because all videotapes 
were made under standardized conditions, the observer was kept 
ignorant of the time of recording and of the trainee or control status 
of the observed subjects. The observation procedure required that 
a task should be watched as a whole. After each task, the recording 
was stopped. Then the check-list was ticked off for this task. The 
observer had the opportunity to view the total recording once again 
if he felt unable to answer all questions on a particular task at once. 
Two viewings was the maximum allowed.
For the assessment of intra-observer reliability, check-iists were 
completed for five recordings by one observer on two different 
occasions. The period between the two occasions was 3 weeks. The 
live check-lists of the first observation were also compared with 
those completed by a second observer who evaluated the same five 
videotapes in order to establish inter-observer reliability. Both ob­
servers were instructed beforehand in the use of the check-list and 
the manual by observing five videotapes of other subjects perform­
ing the same tasks.
Data analysis
At the end of the check-list observations, all errors made by an 
individual, were summed and expressed as a percentage of the total 
number of items in the check-list that could be scored, For inter- and 
intra-observer reliability the sum scores of each of the five recordings 
were compared and were calculated. Besides this the kappa-coeffic­
ient ( jc) was used t o express the measure of agreement on the scores 
between two observations or between two observers as a proportion 
of the possible scope for doing better than chance (Altman 1991). 
Intra- and inter-observer reliability were accepted as “very good” 
whenever an agreement percentage of 90 or a k of 0.80 was achieved 
(Altman 1991).
Differences in the mean percentages of errors made by the trainees 
and by the nurses in the control group were established by using the 
unpaired Student’s t-test. The mean percentage of errors made 
before the course was compared with the outcome of both measure­
ments taken after the course. This was done separately for trainees 
and controls alike with a paired Student’s r-test. A similar compari­
son was made between the mean percentages of errors recorded for 
the first and the second measurements after the course. The signifi­
cance level was kept at 0.05, Analyses were performed using the SAS 
statistical package (SAS Institute, Cary, N.C.).
Results
Intra- and inter-observer reliability
The observers were able to complete the check-list for 
five recordings after having seen the tapes twice at 
most. Only a few observations were “missing1’, on ac­
count of poor visibility of the performance of the ob­
served nurse (for example because the wheel-chair 
stood between the camcorder and the observed sub­
ject). When the tasks and categories were examined 
separately, no differences in the numbers of errors were 
found, so no specific part of the check-list appears to be 
more difficult to complete than the others. The percent­
age of agreement for two observations by the same 
observer was 93%, while k  was 0.86. Between two 
observers the percentage of agreement was 92% and 
k  was 0.84, This indicates a very good agreement for 
observations done by one observer and for the observa­
tions made by two trained observers.
Study population
In Table 3 some characteristics of the trainees and the 
controls are given. Both groups were comparable at the 
first time of measurement for the variables of age, 
height, weight, years in profession, days of sick-leave in 
the past year due to musculoskeletal problems, and 
physical exercise in their spare time (yes/no).
Course effects
The overall results are shown in Fig, 1. The mean 
percentage of mistakes is about 65% for the control 
group at each of the three points in time, without 
significant differences. The mean percentage of errors in 
the trainee group decreases from 56% in the first obser­
vation to 42% in the last observation. This decrease is 
statistically significant. The differences in the percent­
age of errors made by the trainees and by the control 
group are significant when seen from the observations 
m ade on all three occasions of measurement: the nurses 
in the control group tend to make more mistakes than 
the trainees do before the ergonomic-educational 
course and this difference remains and even increases 
after the course.
Performance of specific tasks and categories
The differences in task-performance of the trainees 
and the controls are given in Table 4. When the task
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Table 3 Some characteristics of 
the nurses in the trainee group 
(u — 12) and the nurses in the 
control group (n =  12)
T rainees Controls P-value“
Mean SD Mean SD
Age (years) 26.2 5.0 25.9 5.9 0.88
Height (cm) 166.7 8.6 167.9 8.0 0.74
Weight (kg) 66.1 7.7 67.3 12.8 0.77
H ow long in profession (years) 7.2 4.8 5.7 2.9 0.48
Sick-leave due to musculoskeletal 2.3 3.9 7.0 15.7 0.54
problems (days)
Physical exercise in spare-time (yes) 6 5 0.33
a Established by means of unpaired r-test or chi-square test, Fisher exact two-tailed
Fig. 1 Percentage of ergonomic 
errors made by the trainees and 
controls during three measure­
ments; the first measurement 
took place before, the second 
and third after the completion of 
an ergonomic course. Hatched  
bar trainee group, stippled bar 
control group, (* =  difference 
between the two groups is 
significant P < 0.05).
100
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first measurement*
4 •  é
second measurement* third measurment*
trainee group 55,7
1
49,5 41,7
control group 67,8 68#6 64,2
performances over the three measurements are com­
pared for the control group, no significant differences 
for any of the tasks exist, although fewer mistakes are 
made in the last two tasks during the last two measure­
ments. The m ean percentages of errors made by the 
trainees decrease over all three observations. For the 
first two tasks the difference between the first and last 
measurements is significant* F o r the task “wash the 
back of a patient and  wash the leg which lies farthest 
away, while he is lying in bed”, the trainees and the 
controls differ in the percentages of failures.made at all 
three observation times. The differences between the 
two groups get larger in the last two measurements and 
are statistically significant. The same holds good for the 
task “transfer the patient from bed to wheel-chair and 
vice versa’’; the differences in the percentage of errors 
are here already statistically significant from the first 
measurement (Table 4). As for the categories of errors, 
the same trend can be observed: overall, the mean 
percentages of errors m ade by the control group re­
main the same over the three different measurement
times and show no significant differences (Fig. 2a). The 
trainee group tended to make fewer mistakes during all 
three measurements. Exceptions are the category 
“making use of the patient’s remaining functions” and 
“making use of the help of the colleague” (Fig. 2b).
i
Discussion
Check-list
A check-list to examine ergonomic errors in standard­
ized nursing tasks was evaluated on repeatability. The 
results of the inter- and intra-observer reliability show 
that it is indeed possible to create a check-list, with the 
aid of which errors that go against biomechanical prin­
ciples in nursing activities can be established in a re­
liable way.
However, some points must be considered. For 
this study, nursing tasks were selected which were all
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Table 4 Mean percentages (%) 
of errors and standard deviation 
(SD) for the tasks performed 
during three measurements by 
the trainees and the controls and 
scored by means of the check-list
Measurement time Group Mean 
errors %
SD P-value
Task* 1
1 (.1-2 weeks T rainees 53.7 12.2 0.05
before the course) Controls 64.8 14.3
2 (3 months T rainees 43.5 11.3 < 0.01
after the course) Controls 70.8 9.7
3 (15 months Trainees 34.9b 5.0 < 0.01
after the course) Controls 63.9 16.3
Taska 2
1 T rainees 53.8 11.3 < 0.01
Controls 69.0 7.9
2 Trainees 48.7 6.9 < 0.01
Controls 68.5 5.4
3 Trainees 39.2b 12.3 < 0.01
Controls 65.1 9.5
Task3 3
1 Trainees 62.7 13.8 0.17
Controls 69.9 10.4
2 T rainees 58.3 10.1 0.19
Controls 66.9 16.3
3 Trainees 52.1 18.9 0.10
Controls 63.8 9.8 i
0 For the description of tasks see Table 2
b Statistically significant reduction in number of errors in the trainee group when first and last 
measurements are compared (P < 0.05)
% errors
100
(a)
cat. a cat.b cat.c cat.d
categories
cat.e
1 92,4 60,9 85 52,1 49,5
2 98,9 59 71,2 64,1 59,8
3 88.6 60,3 70 55 45,6
% errors
100
(b)
cat. a cat.b cat.c cat.d cat.e
1 67,9 55,1 76 39,6 36,2
2 45,3 51,3 89 27.5 29*5
3 31,5 42,6 63*7 51*6 23.6
categories
Fig. 2 Errors per category made by a the control group and b the 
trainee group during measurements; the first measurement took 
place before, the second and third after the completion of an ergo­
nomic-educational course (for category description see Table 1. 
Black bar measurement 1, hatched bar measurement 2, stippled bar 
measurement 3)
common daily activities for nurses working in nursing- 
homes, and could all be performed in the same room in 
order to facilitate video-recording from a fixed station. 
Should other tasks have been chosen, this might have 
led to somewhat different results.
Writing scores from video might influence the judge-
a reduction from a three- to a two-dimensional view. 
To allow for this, the check-list used did not include 
elements for which a three-dimensional view would 
have been necessary.
Population
Trainees and controls were comparable for age, height 
and weight. No significant differences between the two 
groups were found for the three other characteristics 
summarized in Table 3. Some nurses (four trainees and 
two controls) were lost for the second measurement but
ment of the observers, because video-recording leads to were measured again at the third measurement. In  the
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last measurement one trainee and four controls were 
not able to perform the tasks. Only one nurse from the 
control group missed both  measurements after the 
ergonomic-educational course. In no case did the rea­
son for non-participation involve musculoskeletal 
complaints.
Course effects
Overall results showed tha t the trainees made fewer 
errors immediately after the ergonomic-educational 
course had ended. A year later even fewer errors were 
made. This could be due to the fact that this course 
formed part of a total ergonomic-educational p ro­
gramme (Engels et a l  1996). A part from the course, the 
programme covers-subjects such as the transference of 
the trainees’ knowledge and skills to their colleagues in 
the wards, im plem entation of policies dealing with 
ergonomic improvements in the wards, monthly meet­
ings of the trainees in which new topics are discussed, 
and meetings of the m anagem ent to solve problems 
that trainees cannot handle themselves. This broader 
programme should imbue the trainees with the need for 
safe working during their norm al duties in the ward, 
which may in turn have been the reason for better 
performance of the tasks in the third  measurement.
In the two categories “m aking use of the patient’s 
remaining functions” and “m aking use of the help of the 
colleague”, the tendency tow ards fewer failures could 
not be directly detected. In the second measurement 
more mistakes towards “m aking use of the patient’s 
remaining functions” and fewer against “making use of 
the help of the colleague” are m ade by the trainees. In 
the measurement a year later, the results show the 
opposite. A possible explanation m ay be that the lift- 
ing-aid was more frequently used in the second 
measurement. This requires the help of a colleague 
because the observed nurses are no t yet skilled in using 
the lifting-aid. The patient is asked less for help. P rob­
ably, by the time of the th ird  m easurem ent the nurses 
are more skilled in using the lifting-aid and they might 
have learned in the w ard th a t it is not always necessary 
to get help from a colleague. Instead, they do it by 
themselves with the help of the patient once again.
Although the results seem promising, some remarks 
should be made. In the first measurement, the trainees 
make fewer errors than  the controls, which could be 
caused by the criteria of selection: the trainees were 
selected on their enthusiasm  for the topic “working 
safely” and on their ability to transfer their own know­
ledge and skills to colleagues in the ward after the 
completion of the course.
Another potential source of bias is that the measure­
ment situation (in which the subjects were observed 
during the performance of certain nursing tasks) might 
have stimulated the nurses to perform better than they 
would normally have done during their daily duties in
the ward. If the manner of assessment had indeed 
caused bias, this would have affected the trainees as 
well as the controls. However, the nurses in the control 
group displayed a constant number of errors on each of 
the three measurements. Therefore, the changes in the 
trainee group can -  at least partly -  be attributed to 
participation in the ergonomic-educational course. It 
has to be stressed that there is no evidence that the 
nurses actually work more safely in daily practice. The 
possible presence of a “performance-bias” due to speci­
fic circumstances during the measurement sessions has 
been mentioned. In addition, the work pressure which 
nurses experience during their normal duties could 
present them from working safely during everyday 
work (Engels et al. 1996). Work pressure was not an 
issue in the recording situation. It is therefore impor­
tant to evaluate whether the positive trends found in 
this study hold good while the nurses are at work in the 
wards. Furthermore, a better indication of the positive 
effects of the ergonomic-educational course would be 
found when it is possible to confirm the present find­
ings by means of another method. Apart from a de­
crease in biomechanical and ergonomical mistakes, the 
reduction of working posture load assessed with, for
example, the OWAS method (Kahru et al. 1977; Kant 
et al. 1992) is also an item of interest.
From this study it can be concluded that it is possible 
to create a reliable check-list to enumerate errors com­
mitted by nurses against biomechanical and ergonomi­
cal principles. Trainees tend to make fewer errors of 
this type after an ergonomic-educational course.
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